ABSTRACT: An oocyte recovery procedure was developed and evaluated to determine whether a transcervical embryo recovery procedure is feasible with our method, which includes estradiol-17β (E2) and oxytocin (OT) treatments, for dilating the cervix in ewes. On d 6 of an estrous cycle, oocytes were recovered either transcervically or with a laparotomy procedure. In the laparotomy group, ovulation rate was determined during the procedure and was used to calculate the percentage of oocytes recovered. The laparotomy procedure was a standard uterine flush, and 12 mL of PBS was used to flush each uterine horn. In the transcervical group, the ovaries in each ewe were evaluated ultrasonically to determine ovulation rate. For transcervical recovery, 100 µg of E2 were injected i.v. on d 5 to increase cervical OT receptors, and 100 USP units of OT were injected i.v. 10 to 12 h later to dilate the cervix. Approximately 25 min after OT, ewes were placed in dorsal recumbency
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Embryo transfer (ET) can increase the rate of genetic improvement. However, the structure of the sheep cervix (Halbert et al., 1990) limits the use of nonsurgical embryo collection and transfer procedures, and ET is 1 The authors thank Lee Johnson, Ricky Seals, Beth Costine, and the Virginia Tech Sheep Center for their invaluable assistance throughout this study, and Jared Bryson and Scott Radcliffe for their help in the design and fabrication of some of the oocyte recovery instruments. 2 The material in this report is based on work supported by the Cooperative State Research Service, U.S. Dept. of Agric., under Project No. 0165488. Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the authors and do not necessarily reflect the view of the U.S. Dept. of Agric., Virginia Polytechnic Inst. and State Univ., or the Dept. of Anim. and Poultry Sci. 3 To whom correspondence should be addressed. Received July 20, 1998 . Accepted March 27, 1999 2583 in a Commodore cradle, and a modified Foley catheter was passed through the cervix and into the uterus for injection (80 to 210 mL) and aspiration of PBS. The PBS was aspirated with a vacuum pump. The percentage of PBS recovered was greater (P < .01) at laparotomy than with the transcervical procedure (85.8 vs 36.2%). Despite that difference, oocyte recovery did not differ significantly between the two groups (67% for laparotomy vs 50% for transcervical; [oocytes recovered/number of corpora lutea] × 100), and there was no evidence that the transcervical procedure damaged the oocytes; the zona pellucida remained intact around all of the oocytes. In conclusion, a procedure that includes E2-OTinduced cervical dilation, passage of a modified Foley catheter into the uterus, and incremental infusion and aspiration of media through the catheter can be used to recover oocytes transcervically from ewes. This procedure may make transcervical embryo recovery feasible for sheep. not readily available to the sheep industry. Embryo transfer procedures have three major parts: 1) embryo production, 2) recovery from donors, and 3) transfer into recipients. Studies of ET procedures are often focused on embryo production and transfer, but the focus of the project described in this article was on the recovery aspects of the process.
Surgical embryo recovery procedures are the most successful for sheep and goats, but surgical recovery often causes adhesions that prevent the repeated use of donors (Wright, 1988; Youngs et al., 1989) . Thus, a combination laparoscopy-transcervical recovery procedure was developed for sheep (Mylne et al., 1992) , two nonsurgical procedures were developed for anesthetized sheep (Coonrod et al., 1986; Barry et al., 1990) , and a completely nonsurgical transcervical procedure was developed for goats (Pereira et al., 1998) . However, to the best of our knowledge, a completely nonsurgical transcervical embryo recovery procedure has not been described for conscious sheep.
Estradiol-17β (E2)-oxytocin (OT) treatment will dilate the cervix in luteal-phase ewes (Khalifa et al., 1992) , and cervical dilation may make embryo recovery procedures feasible for sheep (Barry et al., 1990) . Early in the current study and using our E2-OT method for cervical dilation, we realized that zona-intact oocytes could be recovered on d 6 to 7 after estrus. Oocyte recovery, which eliminates the need for early pregnant ewes, seemed to be an effective method for developing and evaluating embryo recovery procedures. Our objective then was to develop a transcervical oocyte recovery procedure that could be used later to recover embryos.
Materials and Methods
General. For all procedures, PGF 2α was injected i.m. to dilate the cervix and permit a catheter to be passed into the uterus (Khalifa et al., 1992) . Transcervical oocyte recovery was attempted approximately 30 min after the OT injection.
Catheter and Technique Development. A series of Foley
and Foley-type catheters was evaluated with 17 ewes to determine whether at least one type of catheter would be suitable for transcervical embryo recovery. None of the catheters was suitable. They were too flexible, even with a stylet in the catheter lumen, to manipulate through the cervix in the majority of the ewes. When a catheter could be passed transcervically, the pressure from the cervix occluded the lumen of the catheter and prevented the infusion and recovery of PBS.
Thus, Foley catheters were modified to add rigidity. The catheters were evaluated systematically during attempts to recover embryo-sized glass beads, which had been injected at laparotomy, from the uterine horns of 18 ewes. Even though bead recovery was consistently poor, oocytes were usually recovered in the uterine flushings. This prompted our decision to collect oocytes during the remainder of the project, rather than using glass beads or investing in pregnant ewes.
A 6-mm o.d. (i.e., 18 French) Foley catheter (C. R. Bard, Covington, GA) with a brass tube inserted through the lumen was selected (Figure 1 ) and used during the remainder of the project. The brass tube was 4.2 mm i.d. × 5.8 mm o.d., had ports machined to match the ports in the Foley catheter, and had a brass bead soldered to the tip to prevent the tube from cutting the catheter. The brass tube was left inside of the Foley catheter throughout the oocyte recovery procedure. The catheter design was selected primarily on the basis of durability and of ease of passage through the cervix.
Our experience during catheter development indicted that gravity alone was not adequate for recovering satisfactory volumes of PBS, and the position of a ewe on a surgery table made it difficult to pass a catheter through the cervix and into the uterus. Thus, six lutealphase and six estrus ewes were positioned in dorsal recumbency in a Poldenvale Commodore cradle (Premier Sheep Supplies, Washington, IA), approximately 25 min after OT injection, and were used to determine whether a vacuum pump (Gast, Benton Harbor, MI) could be used to aspirate PBS that had been infused transcervically. The vacuum pump had been used to recover embryos from dairy cows (S. Nadir and R. G. Saacke, personal communication).
A polycarbonate tubular speculum (fabricated inhouse; 25 cm long × 3 cm o.d. × 2.5 cm i.d., with polished ends) was inserted into the vagina, the external cervical os was located, and the catheter was passed through the cervix and into the uterus. Sterile PBS was injected transcervically until moderate resistance was felt. Changes in diameters of the uterine horns and uterine body were visualized initially with a laparoscope so that the resistance could be related to the degree of uterine expansion. Initially, 60 mL of PBS were injected, and as much fluid as possible was aspirated with the vacuum pump and transferred into Petri dishes. Thereafter, PBS was injected in 20-to 40-mL increments, vacuumed from the uterus after each increment was injected, and transferred into Petri dishes. Approximately 40% of the total volume was recovered.
The vacuum used to recover PBS from the uterus was maintained at between .5 and 1 atmosphere gauge (atm g ). When the vacuum exceeded 1 atm g , sheets of endometrium (i.e., epithelial cells) were recovered from three of the six luteal-phase ewes, the PBS contained a considerable amount of lipid-appearing material, and the oocytes could not be located. Luteal-phase endometrium seems to be sensitive to this type of manipulation. None of the uterine flushings collected with this procedure from six estrus ewes was contaminated with large numbers of epithelial cells or lipid-appearing material.
Experiment. Parous ewes were assigned to either a transcervical (n = 9) or a laparotomy oocyte recovery group (n = 10). Transrectal ultrasonography was used to determine ovulation rate in the transcervical group. Ovulation rate was determined during laparotomy in the laparotomy group. The recovery percentages of flushing medium ([volume of PBS recovered ÷ total volume of PBS injected] × 100) and oocytes ([oocytes recovered ÷ number of corpora lutea] × 100) were calculated and compared between groups. Each oocyte was examined microscopically to determine whether the zona pellucida was intact.
The most useful aspects of our developmental efforts were combined into a single, transcervical, oocyte recovery procedure. For this procedure, E2 and OT were used to dilate the cervix. The ewes were not anesthetized or sedated, and they were restrained in dorsal recumbency in a Poldenvale Commodore cradle. The modified Foley catheter was then passed through the cervix and into the uterus. Sterile PBS was injected incrementally into the uterus, as described in the previous section, and aspirated with a vacuum pump maintained between .5 and 1 atm g . The uterine flushings were collected in a glass flask incorporated into the vacuum line (i.e., polyvinylchloride tubing) and then transferred to Petri dishes.
Ewes in the laparotomy group were anesthetized with sodium pentobarbital (65 mg/mL of sterile isotonic saline; Sigma Chemical Co.). The uterus of each ewe was exposed through a midventral laparotomy, a catheter was inserted into an oviduct adjacent to an ovary with a corpus luteum, and 12 mL of sterile PBS were injected into the ipsilateral uterine horn just anterior to the uterine body. The PBS was massaged toward the tip of the uterine horn, through the uterotubal junction, through the catheter, and into a Petri dish to recover the oocytes. The procedure was repeated if the opposite ovary had a corpus luteum.
The GLM, rather than the chi-squared, procedures of SAS (1985) were used to determine the effect of treatment on fluid and oocyte recovery percentages. When F-tests were significant, Tukey's option in SAS was used to compare least squares means. The GLM procedures using least squares methods have advantages over chi-squared methods for analyzing the same binomial data (Ercanbrack and Knight, 1998) . Li (1964) concluded that either chi-squared or analysis of variance with least squares methods can be used for testing hypotheses that means are equal and that the conclusions are usually the same.
Results
Experiment. The number of corpora lutea per ewe ranged from one to three. The catheter was passed through the cervix and into the uterus in 100% of the ewes in the transcervical group. The percentage of PBS recovered was greater (P < .001) in the laparotomy group (mean = 85.8%; range = 70.0 to 93.8% [17 to 23 mL recovered of 24 mL injected]) than in the transcervical group (mean = 36.2%; range = 6.7 to 60% [4 to 110 mL recovered of 80 to 210 mL injected]). Despite the differences in PBS recovery, the percentage of oocytes recovered did not differ between the two methods. Oocyte recovery in the laparotomy group averaged 67% and ranged from 33.3 to 100.0%. Oocyte recovery in the transcervical group averaged 50%; it was 0% in the first four ewes in this group, 50% in one ewe, and 100% in four ewes. The zona pellucida was intact around all of the oocytes recovered in both groups.
Discussion
The transcervical uterine flush procedure took approximately 15 min from insertion of the speculum until the ewe was released. The procedure allowed us to recover 50% of the oocytes from the luteal phase ewes that were assigned to this group, and this recovery rate was not different from that obtained with a laparotomy uterine flush procedure. The transcervical oocyte recovery rates were very poor early in the experiment, but the rates improved considerably as the project progressed and we gained experience with the procedure. Even though the transcervical procedure is not inherently difficult, it requires considerable patience and a dedicated effort to master. For us, the transcervical procedure seemed considerably more difficult to master than cattle AI, and somewhat more difficult than cattle embryo recovery and laparoscopic AI in sheep. Because the transcervical oocyte recovery rates were satisfactory and the zona pellucida was intact around all of the oocytes recovered, we believe that this procedure can be used, perhaps without any major modifications, to recover embryos transcervically from parous ewes.
The transcervical procedure used in our experiment was effective with conscious sheep that were not sedated, and the hormones (i.e., E2 and OT) used to dilate the cervix are inexpensive. By contrast, the transcervical, embryo recovery procedure for sheep described in Mylne et al. (1992) included laparoscopy, which required anesthesia, and PGE 2 was used to dilate the cervix so that a catheter could be passed into the uterus. However, the cost of PGE 2 may prohibit its use. Mylne et al. (1992) were able to pass a catheter through the cervix and into the uterus in approximately 50% of the parous ewes and 6% of the nulliparous ewes. Our catheter passage rate was 100% with parous ewes, and our experience indicates that our procedure is not suitable for nulliparous ewes. In Mylne et al. (1992) , the uterus could be flushed in only approximately 34% of the ewes, and embryo recovery rate in those ewes was approximately 57%. Coonrod et al. (1986) and Barry et al. (1990) also described transcervical embryo recovery procedures for sheep. Their procedures did not require any form of surgery, but the ewes were anesthetized before a catheter was passed into the uterus. Coonrod et al. (1986) did not dilate the cervix, and their recovery rate was 74%. Barry et al. (1990) used PGE 2 to dilate the cervix, and their recovery rate was 65%. Even though the recovery rates in Coonrod et al. (1986) and Barry et al. (1990) were greater than the average rate with our transcervical oocyte recovery procedure, their procedures seem more complicated and expensive than ours. Pereira et al. (1998) described a transcervical embryo recovery procedure for conscious goats. The best results were achieved when luteolysis was induced with PGF 2α either 8 or 16 h before the uterus was flushed, and oxytocin was administered just before flushing. The uterus was flushed 12 times, the authors waited 2 h, and the uterus was flushed 12 more times. The procedure took approximately 4 h to complete, but 91% of the embryos was recovered.
The results of the oocyte recovery procedure used in our experiment are comparable to those achieved with procedures used to recovery embryos from sheep. Based on descriptions of other procedures, we believe that our transcervical recovery procedure is simpler and more cost effective than the others. The embryo recovery rate with the goat procedure is considerably greater than the average recovery rate in our experiment. However, the goat procedure seems too time consuming to be practical, and the recovery rates in the latter part of our experiment, after we gained more experience, approached those for the goats.
Implications
Embryo transfer has several important applications in the sheep industry, including increasing the rate of genetic improvement and possibly establishing scrapiefree flocks. However, the structure of the sheep cervix has been a major barrier to the use of practical nonsurgical procedures for recovering embryos from donor ewes. Therefore, we developed a simple, effective, and nonsurgical transcervical oocyte recovery procedure. Because there are no fundamental differences between recovering d-6 oocytes and d-6 embryos, we believe that our procedure can be used to recover viable sheep embryos. Simpler methods for recovering embryos will improve the overall embryo transfer process and make it more accessible to sheep producers.
